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(71) We, E. R. SQUIBB & SONS, 
INC., a corporation organised and existing 
under the laws of the State of Delaware, 
United States of America, residing at 
5 Lawrenceville-Princeton Road, Princeton, New 
Jersey, United States of America, do hereby 
declare the invention, for which we pray that 
a patent may be granted to us, and the method 
by which it is to be performed, to be par- 

10 ticularly described in and by the following 
statement i — ~ 

This invention provides new amino deriva- 
tives of 6-phenyIpyra2olo[ 3, 4-b] pyridines. 
These new compounds have the general for- 

15 mula 



(I) 



wherein Ri is hydrogen, lower alkyl or phenyl- 
lower alkyl; R 2 is hydrogen or lower alkyl; R 3 
and R 4 each is hydrogen, lower alkyl, phenyl, 

20 phenyl-lower alkyl or substituted phenyl, 
wherein the substituent is lower alkyl, carb- 
oxy or CF 3 ; R 5 is hydrogen, lower alkyl, 
phenyl or phenyl-lower alkyl; the invention 
also extends to such compounds in physio- 

25 logically acceptable acid addition salt form. 

The symbols have the above meanings in 
formula I and throughout this specification. 
The basic nitrogen group 




r branched chain group 



groups are straight c 
of up to seven carbon 

Preferred are those compounds wherein R x 
is lower alkyl, especially methyl or ethyl, R 2 is 
hydrogen or methyl, R s and R 4 each is hydro- 
gen or lower alkyl, especially wherein the 
lower alkyl has up to four carbon atoms, R s is 
preferably hydrogen. 

The new compounds of formula I are 
formed by the following series of reactions. 
The symbols in the structural formulas have 
the same meanings as previously described. 

A 5-aminopyrazole of the formula 



(II) 



prepared according to the procedure described 45 
inZ. f. Chemie 10, 386—388 (1970) is made 
to react with a benzoyl acetic acid ester of the 
formula: 



(^y-C-CH-COOCgHs 



(III) 



by heating at a temperature of about 140° C 
in the presence of polyphosphorus acid pro- 
ducing a compound of the formula 



(IV) 



Re 




i an acyclic amino group. The lower alkyl 



Subsequently, this 4-hydroxy derivative is 
refluxed for several hours with a phosphorus 
halide like phosphorus oxychloride to ob- 
tain the intermediate of formula 



2 
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lol 



(V) 



To] 



The products of formula I are then pro- 
duced from the compounds of formula V with 
the appropriate amine of the formula 



(VI) 



\ 



This reaction is effected by treating the reac- 
tants in an autoclave at elevated temperatures. 

According to a modification of ±e foregoing 
procedure, a product of formula I wherein 
10 Ri is hydrogen, may be produced. By this 
modification a 5-aminopyrazole of formula II 
wherein R t is a heteromethyl group is used 
having the formula 



(Ila) 




R 6 represents a heterocyclic nucleus like 
furyl, pyridyl, or the like. This material is 
processed as described above to get a com- 
pound of the formula 



(la) 



20 At this point, the compound of formula la is 
oxidized with an oxidizing agent like selenium 
dioxide in a high boiling solvent like diethyl- 
eneglycol dimethyl ether at about 160°C. This 
yields a compound of formula I wherein Rj is 

25 hydrogen. 

The compounds of formula I form non- 
toxic, physiologically acceptable acid addition 
salts which are also part of this invention. The 
bases of formula I form salts by reaction with 

30 a variety of inorganic and organic acids pro- 
viding acid addition salts including, for ex- 
ample, hydrohalides (especially hydrochloride 
and hydrobromide), sulfate, nitrate, borate, 
phosphate, oxalate, tartrate, malate, citrate, 

35 acetate, ascorbate, succinate, benzenesulfonate, 



methanesulfonate, cyclohexanesulfamate and 
toluenesulfonate. The acid addition salts fre- 
quently provide a convenient means for isolat- 
ing the product, e.g., by forming and precipi- 
tating the salt in an appropriate menstrum in 40 
which the salt is insoluble, then after separation 
of the salt, neutralizing with a base such as 
barium hydroxide or sodium hydroxide, to ob- 
tain the free base of formula I. Other salts 
may then be formed from the free base by 45 
reaction with an equivalent of acid. 

Compounds of this invention have anti- 
inflammatory properties and may be used as 
antiinflammatory agents, for example, to re- 
duce local inflammatory conditions such as 50 
those of an edematous nature or resulting from 
proliferation of connective tissue in various 
mammalian species such as rats, dogs and the 
like when given orally in dosages of about 5 
to 50 mg/kg/day, preferably 5 to 25 55 
mg/kg/day, in single or 2 to 4 divided doses, 
as indicated by the carageenan edema assay in 
rats. The active substance may be utilized in 
compositions such as tablets, capsules, solu- 
tions or suspensions containing up to about 200 60 
mg per unit of dosage of a compound or mix- 
ture of compounds of formula I or a physio- 
logically acceptable acid addition salt thereof. 
They may be compounded in conventional 
manner with a physiologically acceptable 65 
vehicle or carrier, excipient, binder preserva- 
tive, stabilizer, flavor, etc. as called for by 
accepted pharmaceutical practice. Topical pre- 
parations containing about 0.01 to 3 percent 
by weight of active substance in a lotion, salve 70 
or cream may also be used. 

Compounds of this invention also have di- 
uretic activity and may be used for the relief 
of conditions characterized by an excessive 
accumulation of water such as the edemas 75 
associated with congestive heart failure, 
toxemia of pregnancy, tension and in the alle- 
viation of salt retention caused by therapeutic 
agents. Representative dosages, which can be 
given in single or two to four divided doses, 80 
are in the range of 200 mg. to 3 g., preferably 
500 to 1000 mg., per day which can be for- 
mulated in oral dosage forms described above. 

Compounds of the invention also increase 
the intracellular concentration of adenosine- 85 
3 ',5' - cyclic monophosphate, and thus by the 
administration of about 1 to 100 mg/kg/day, 
preferably about 10 to 50 mg/kg., in single or 
two to four divided doses in conventional oral 
or parenteral dosage forms such as those des- 90 
cribed above can be used to alleviate the symp- 
toms of asthma. 

The invention thus extends to a pharma- 
ceutical composition comprising a compound 
according to the invention and a pharmaceu- 95 
tical carrier. 

The following examples are illustrative of 
the invention. 
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Example 1. 

4 - Dimethylamino - 1,3 - dimethyl - 6- 
phenyl - 1H - pyrazolo[3,4-b] pyridine 
hydrochloride 

5 a) lj - Dimethyl - 4 - hydroxy - 6 - pkenyl- 
1H - pyrazolo [3, 4-b] pyridine 
96 gms. of benzoylacetic acid ethyl ester 
(0.5 mol.) are added dropwise to a stirred 
mixture of 55.5 gms. of 5 - amino - 1,3 - di- 

10 methylpyrazole (0.5 mol) and 250 gms. of 
polyphosphorus acid heated to 120°C. After 
the reaction has occurred, which can be recog- 
nized by the changing of the color, the whole is 
heated for an additional hour at 120° C. After 

15 the mixture has cooled to room temperature, 
600 ml. of water are added and stirring is con- 
tinued until the compound becomes crystal- 
line. The mixture is allowed to stand overnight 
and is then filtered off. The collected 1,3 - di- 

20 methyl - 4 - hydroxy - 6 - phenyl - 1H- 
pyrazolo [3,44d] pyridine is washed with dilute 
ammonia, dried and treated with ethyl acetate 
yielding 73.6 gms. (61.6%), m.p. 262—264°. 

b) 4 - Chloro - lj - dimethyl - 6 - phenyl- 
25 1H - pyrazolo[3,4-b]pyridine 

73 gms. of 1,3 - dimethyl - 4 - hydroxy - 6- 
phenyl - 1H - pyrazolo[3,4-b]pyridine 
(0.31 mol.) are refluxed in 800 ml. of phos- 
phorus oxychloride for 6 hours. The excess 

30 phosphorus oxychloride is removed in vacuo 
and the oily residue is treated with ice-water 
by which operation the compound becomes 
solid. The compound is extracted with ether, 
washed with an aqueous sodium carbonate solu- 

35 tion (10%) and again with water. Evapora- 
tion of the dried (Na 2 S0. 4 ) and charcoal 
treated ethereal extract provides 4 - chloro- 
1,3 - dimethyl - 6 - phenyl - 1H - pyrazolo- 
[3,4-b] pyridine which is washed with absolute 

40 ethanol, yield: 55.6 gms. (69.8%) of white 
product melting at 89— 90 6 C. 

c) 4 - Dimethylamino - 1,3 - dimethyl - 6- 
phenyl - 1H - pyrazolo\3, 4-b] pyridine 

15.5 gms. of 4 - chloro - 1,3 - dimethyl - 6- 
45 phenyl - 1H - pyrazolo [3,4-b] pyridine (0.06 
mol.) are added to 132 ml. of a solution of di- 
methylamine (40%). The reaction mixture is 
heated at 190— 200°C. for 16 hours in an auto- 
clave and after cooling to room temperature is 
50 evaporated in vacuo. The residue is treated 
with water and extracted with ether. After 
evaporation of the extract, the 4-dimethyl- 
amino - 1,3 - dimethyl - 6 - phenyl - 1H- 
pyrazolo [3,4-b] pyridine (15.6 gms. = 98%) 
55 is recrystallized from ligroin, m.p. 90 — 91°C. 

d) 4 - Dimethylamino - 1,3 - dimethyl - 6- 
phenyl - 1H - pyrazolo [3, 4-b] pyridine 
hydrochloride 

To 16.5 gms. of 4 - dimethylamino - 1,3- 
60 dimethyl - 6 - phenyl - 1H - pyrazolo [3,4-b ]- 
pyridine (0.062 mol.) dissolved in 250 ml. of 



absolute ethanol, 10.7 ml. of ethereal hydro- 
chloric acid (228 gms/1) are added. The solu- 
tion is allowed to crystallize overnight to ob- 
tain 17.2 gms. (91%) of the hydrochloride, ° 5 
m.p. 219— 220°C. (dec.). 

Example 2. 

4 - Amino - 1,3 - dimethyl - 6 - phenyl - 1H- 
pyrazolo [3,4 j b] pyridine hydrochloride 
12.9 gms. of 4 - chloro - l",3 - dimethyl - 6- 70 
phenyl - 1H - pyrazolo [3,4-b]pyridine (0.05 
mol.) are reacted with 100 ml. of alcoholic 
ammonia (105 gms/1) and 100 ml. of concen- 
trated aqueous ammonia at 190°C. for 12 
hours in an autoclave. Then proceeding accord- 75 
ing to the procedure of Example 1 c yields 11.4 
gms. (93%) of 4 - amino - 1,3 - dimethyl - 6- 
phenyl - 1H - pyrazolo [3,4 - b] pyridine, m.p. 
175— 176°C. (Ugroin). 

The hydrochloride is prepared by dissolving 80 
4 - amino - 1,3 - dimethyl - 6 - phenyl - 1H- 
pyrazolo[3,4-b]pyridine in absolute ethanol 
and adding ethereal hydrochloric acid, yield 
96%, m.p. 293— 295°C. (dec). 

Example 3. 85 
4 - Butylamino - 1 - ethyl - 6 - phenyl - 1H- 
pyrazolo[3,4-b] pyridine 

a) / - Ethyl - 4 - hydroxy - 6 - phenyl - 1H- 
pyrazolo [3,4-b ] pyridine hydrochloride 

116 gms. of benzoylacetic acid ethyl ester 90 
(0.6 mol.) are added dropwise over a period of 
15 — 20 minutes to a stirred mixture of 66 
gms. of 5 - amino - 1 - ethylpyrazole (0.6 
mol.) and 300 gms. of polyphosphorus acid 
heated to 140°C. The reaction temperature is 95 
maintained for two hours. After the mixture 
has cooled to room temperature, 850 ml. of 
water are added with stirring arid the solution 
is neutralized by means of concentrated 
ammonia. The precipitated oily compound is 100 
repeatedly extracted with chloroform. After 
evaporation of the chloroform, the residual oily 
compound is dissolved in about 300 ml. of 2N 
aqueous sodium hydroxide and the solution is 
extracted with ether. Then the aqueous 105 
alkaline solution is treated with charcoal, fil- 
tered and acidified with dilute acetic acid. The 
precipitated oily compound is again extracted 
with ether and after the extract is dried 
(Na 2 S0 4 ) the hydrochloride salt is formed by 110 
addition of ethereal hydrochloride acid to the 
ethereal solution. The oily precipitate soon 
becomes crystalline. The filtered product is 
treated with about 200 ml. of acetone and 
again filtered off yielding 99.1 gms. (60%). 115 
The 1 - ethyl - 4 - hydroxy - 6 - phenyl - 1H- 
pyrazolo [3,4-b] pyridine hydrochloride (m.p. 
220 — 232°C.) is recrystallized from absolute 
ethanol, m.p. 251 — 253 °C. 

b) 4 - Chloro - 1 - ethyl - 6 - phenyl - 1H- 120 
pyrazolo [3, 4-b] pyridine 

A mixture of 193.9 gms. of 1 - ethyl - 4- 
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hydroxy - 6 - phenyl - 1H - pyrazolo [ 3, 4-b ]- 
pyridine (0.7 mol.) and 1000 ml. of phos- 
phorus oxychloride is refluxed for 5 hours. The 
excess phosphorus oxychloride is removed in 
5 vacuo and the residue is treated with ice water. 
The mixture is then extracted three times with 
ether, the ether layer is separated, dried over 
sodium sulfate, treated with charcoal and con- 
centrated in vacuo. The residue solidifies on 
10 cooling (142.4 gms = 79%; m.p. 43— 45°C.) 
and the product, 4 - chloro - 1 - ethyl - 6- 
phenyl - 1H - pyrazolo [3,4-b]pyridine is re- 
crystallized from hexane, m.p. 46 — 48°C. 

c) 4 - Butylamino - 1 - ethyl - 6 - phenyl- 

15 1H - pyrazolo[3 ,4-b]pyridine 

15.5 gms. of 4 - chloro - 1 - ethyl - 6- 
phenyl - 1H - pvrazolo[3,4-b] pyridine (0.06 
mol.) are reacted with 100 ml. n-butylamine 
at 190— 200°C. in an autoclave for 7 hours. 

20 The reaction mixture is then evaporated to 
dryness in vacuo and the residue is treated with 
150 ml. of water. The sticky crystalline com- 
pound is extracted with ether. The ethereal 
solution is treated with charcoal, filtered, dried 

25 over sodium sulfate and concentrated in vacuo. 
The residual compound is recrystallized from 
cyclohexane. The yield of 4 - butylamino - 1- 
ethyl - 6 - phenyl - 1H - pyrazolo [3 ,4-b]- 
pyridine is 14.5 gms. (82.3%), m.p. 

30 95— 96°C. 

The hydrochloric acid salt is formed by dis- 
solving 4 - butylamino - 1 - ethyl - 6 - phenyl- 
1H - pyrazolo [3,4-b] pyridine in acetonitrile 
and adding ethereal hydrochloric acid. 

35 Evaporation of the solution in vacuo provides 
the hydrochloride, m.p. 139— 143°C. (dec). 



Example 4. 

4 - Butylamino - 1 - e±yl - 3 - methyl - 6- 
phenyl - 1H - pyrazolo [ 3, 4 -b] pyridine 
40 hydrochloride 

a) 7 - Ethyl - 4 - hydroxy - 3 - methyl - 6- 
phenyl - 1H - pyrazolo [3, 4-b] pyridine 
Treatment of 5 - amino - 1 - ethyl - 3- 
methylpyrazole with benzoyl acetic acid ethyl 
45 ester in polyphosphorus acid according to the 
procedure of Example 1 a (reaction tempera- 
ture 130°C), yields 1 - ethyl - 4 - hydroxy- 
3 - methyl - 6 - phenyl - 1H - pyrazolo [ 3, 4-b ]- 



pyridine, yield 64.7%, m.p. 253— 254°C. 
(absolute ethanol). 50 

b) 4 - Chloro - 1 - ethyl - 3 - methyl - 6- 
phenyl - 1H - pyrazolo[3 ,4-b]pyridine 

By treating the product of Example 4 a 
with phosphorus oxychloride according to the 
procedure of Example 1 b, 4 - chloro - 1- 55 
ethyl - 3 - methyl - 6 - phenyl - 1H - pyrazolo- 
[3,4-b] pyridine is obtained, yield 96%, m.p. 
101— 103°C. (absolute ethanol). 

c) 4 - Butylamino - 1 - ethyl - 3 - methyl- 

6 - phenyl - 1H - pyrazolo [3, 4-b] pyridine 60 

hydrochloride 
By treating the product of Example 4 b with 
butylamine as in Example 1 c and 1 d, 4- 
butylamino - 1 - ethyl - 3 - methyl - 6- 
phenyl - 1H - pyrazolo [3,4-b]pyridine (yield 
96%; m.p. 146— 147° C.) and then its hydro- 
chloride (yield 81%; m.p. 206— 208°C) are 
obtained. 

Example 5. 

4 - Dimethylamino - 6 - phenyl - 1H- 
pyrazolo[3,4-b]pyridine 

a) 4 - Dimethylamino - 1 - (2 - furyl)- 
methyl - 6 - phenyl - 1H - pyrazolo- 
\3,4-b\pyridine 

0.5 mol. of 1 - (2 - furyl)methyl - 5- 
arninopyrazole is substituted for die 5 - amino- 
1,3 - dimethylpyrazole in part a of Example 1 
and the procedure of that example is followed 
through part c to obtain 4 - dimethylamino- 
1 - (2 - furyl)methyl - 6 - phenyl - 1H- 
pyrazolo [3,4-b] pyridine. 

b) 4 - Dimethylamino - 6 - pheyl - 1H- 
pyrazolo\3 , 4-b] pyridine 

0.1 mol of the product of part a and 0.18 
mol. of selenium dioxide are suspended in 100 
ml. of diethyleneglycol dimethyl ether. The 
mixture is heated with stirring at 160°C. and 
a few drops of water are added. This tempera- 
ture is maintained for 1.5 hours. After cooling 
the mixture is neutralized with a dilute solu- 
tion of aqueous ammonia to obtain the product 
4 - dimethylamino - 6 - phenyl - 1H - pyra- 
zolo [3,4-bJpyridine. 

The following additional compounds are 
produced by the procedure of the Example in- 
dicated: 
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10. A compound as in any one of claims 
1 to 8 wherein R 3 is lower alkyl. 

11. A compound as in any one of claims 1 to 
8 wherein R 3 is methyl. 

5 12. A compound as in any one of claims 
1 to 8 wherein R 3 is butyl. 

13. A compound as in any one of claims 
1 to 12 wherein R 4 is hydrogen. 

14. A compound as in any one of claims 
10 1 to 12 wherein R* is lower alkyl. 

15. A compound as in any one of claims 
1 to 12 wherein R^ is methyl. 

16. A compound as in any one of claims 1 
to 15 wherein R 5 is hydrogen. 

15 17. A process for the preparation of a com- 
pound of the formula 




wherein Ri is hydrogen, lower alkyl or phenyl- 
lower alkyl; R 2 is hydrogen or lower alkyl; 

20 R 3 and R 4 each is hydrogen, lower alkyl, 
phenyl, phenyl-lower alkyl or substituted 
phenyl, wherein the substituent is lower alkyl, 
carboxy or CF 3 ; R 5 is hydrogen, lower alkyl, 
phenyl or phenyl-lower alkyl; or such a com- 

25 pound in physiologically acceptable acid addi- 
tion salt form which comprises reacting a com- 
pound of the formula 



d 




with an amine of the formula 




30 



\ 

and recovering the desired product. 

18. A compound as in claim 1 when pre- 
pared by a process as in claim 17. 

19. A compound according to claim 1 as 
named or shown in any of the Examples. ' 35 

20. A pharmaceutical composition com- 
prising a compound according to any one of 
claims 1 to 16, 18 and 19, and a pharmaceu- 
tical carrier. 

21. A composition according to claim 20 in 40 
the form of a tablet, capsule, lotion, salve or 
cream. 

22. A composition according to claim 20 or 
21 which includes an excipient, a binder, a 
preservative, a stabilizer, or a flavour. 45 

For the Applicants, 
D. YOUNG & CO., 
Chartered Patent Agents, 
9 & 10, Staple Inn, 
London, WC1V 7RD. 
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